A Gram-reaction-positive, strictly aerobic, capsule-forming, motile and rod-shaped bacterium, designated strain XD80 respectively. The major polar lipids were diphosphatidylglycerol, phosphatidylglycerol, aminophospholipid and two unknown phospholipids. The predominant fatty acids (>5 %) were iso-C 15 : 0 (37.3 %), anteiso-C 15 : 0 (10.8 %), C 16 : 0 (10.4 %), iso-C 17 : 0 (10.3 %), C 16 : 1 !11c (9.6 %) and anteiso-C 17 : 0 (7.4 %). MK-6 (86.4 %) was the major respiratory quinone. The DNA G+C content was 46.4 mol%. The cell-wall peptidoglycan contained meso-diaminopimelic acid (type A1g). Ribose and glucose were the major whole-cell sugars. In addition, strain XD80 T showed differential physiological characteristics from most members of the genus Domibacillus, encompassing hydrolysis of starch, acid production from inositol and raffinose, and production of valine arylamidase. The results of this polyphasic study indicated that strain XD80 T represents a novel species of the genus Domibacillus, for which the name Domibacillus antri sp. nov. is proposed. The type strain is XD80 T (=CCTCC AB 2015053 T =KCTC 33636 T ).
T showed differential physiological characteristics from most members of the genus Domibacillus, encompassing hydrolysis of starch, acid production from inositol and raffinose, and production of valine arylamidase. The results of this polyphasic study indicated that strain XD80
T represents a novel species of the genus Domibacillus, for which the name Domibacillus antri sp. nov. is proposed. The type strain is XD80 T (=CCTCC AB 2015053 T =KCTC 33636 T ).
The new genus Domibacillus was established in 2013 by Seiler et al. (2013) . Genus Domibacillus belongs to the phylum Firmicutes, class Bacilli, order Bacillales and family Bacillaceae. At the time of writing, five species of the genus Domibacillus, encompassing Domibacillus iocasae (Sun et al., 2015) , D. tundrae (Gyeong et al., 2015) , D. robiginosus (Seiler et al., 2013) , D. enclensis (Sonalkar et al., 2014) and D. indicus (Sharma et al., 2014) have been described. These members of the genus Domibacillus were isolated from a wide range of habitats, such as a pharmaceutical clean room (Seiler et al., 2013) , marine sediment (Sharma et al., 2014; Sonalkar et al., 2014; Sun et al., 2015) and soil (Gyeong et al., 2015) . From the descriptions of the members of this genus, all strains are Gram-reaction-positive, strictly aerobic, rodshaped, spore-forming and have low DNA G+C content (37.4-46.9 mol%). The major polar lipids are diphosphatidylglycerol and phosphatidylglycerol. The predominant respiratory quinone is menaquinone-6 (MK-6) (Seiler et al., 2013; Sharma et al., 2014; Sonalkar et al., 2014; Gyeong et al., 2015) . The fatty acids of this genus vary among the species (Sharma et al., 2014) . In this study, we performed the polyphasic characterization of strain XD80 T following the minimal standards for description of aerobic, endospore-forming bacteria (Logan et al., 2009 ).
Strain XD80
T was isolated from the soil of Tenglongdong (30 19¢55 † N 108 58¢ 60 † E) in Lichuan, Hubei province, China. It was cultivated on CDM (chemical defined medium, pH 7.0; Difco) (Weeger et al., 1999) for 5-7 days at 28 C. The pure culture was obtained after several subcultivation cycles on CDM. For subsequent study, growth of strain XD80
T was tested in CDM, LB (Luria-Bertani; Difco), TSB (tryptic soy broth; Difco), 1/10 TSB, MB (marine broth; Difco) and R2A (Difco). It grew well in TSB, but did not grow in R2A medium, and grew slowly in other media. Accordingly, we chose TSB (pH 7.0-7.5) as the optimum liquid medium for strain XD80
T .
Colonies were examined on TSA (tryptic soy broth agar) after incubation at 28 C for 4 days. Cellular morphology such as flagellum type and capsule was observed by transmission electron microscopy (H-7650; Hitachi). Negativestaining by using ink was also used for observation of the capsule (BX51; Olympus). Gram-staining was carried out using a Gram-staining kit (Jiancheng Biotech) according to the method of Dussault (1955) and by the non-staining KOH method (Ryu, 1940) . Anaerobic growth was determined in an anaerobic chamber (Mitsubishi Gas Chemical Co; O 2 <0.1 %, CO 2 >21 % and N 2 ) for 7 days on TSA. Motility was tested in TSB with 0.2 % agar.
Colonies (2-3 mm in diameter) were translucent, wrinkled, swelled and round after incubation for 4 days on TSA plates. Cells of strain XD80
T were encapsulated (Figs S1 and S2, available in the online Supplementary Material), flagellated ( Fig. S2 ), Gram-reaction-positive, aerobic, motile, rodshaped, 0.5-0.6 µm in diameter and 1.5-2.2 µm in length.
Observation of endospores was performed using the method described by Seiler et al. (2013) . For detection of spores, cells of strain XD80
T were cultured on TSA supplemented with 0.02 g, 0.04 g and 0.08 g MnSO 4 . H 2 O l À1 , respectively, incubated at 28 C for 2 days, stored at 55 C for 4 h to induce formation of spores, and then incubated at 28 C for 7 days. However, no spores could be observed. Within the order Bacillales, spores were not observed in previous studies of many strains from the family Planococcaceae, which may due to restricted expression for spore formation (Seiler et al., 2013) . Therefore, the sporulation gene ssp was amplified by PCR using the method given by Brill & Wiegel (1997) (primer F: GARGTAGCWACAGAAWTSGGWGTA; primer R: CKTTTWAYCATTTCTCCRCC) . A fragment corresponding to the sporulation gene ssp (about 100 bp) was observed (Fig. S3 ).
The nearly full-length 16S rRNA gene sequence of strain XD80
T was amplified by PCR using universal primer pair 27F and 1492R (Wilson et al., 1990; Fan et al., 2008) , and an accurate sequence of the PCR product was acquired by sequencing after T-A cloning with a pGEM-T Easy vector (Promega). The 16S rRNA gene sequence was compared with available sequences using the Eztaxon-e server (http:// www.ezbiocloud.net/eztaxon/; Kim et al., 2012) . The sequences were aligned using CLUSTAL X software (Larkin et al., 2007) . Phylogenetic analysis using maximum-likelihood (ML) (Felsenstein, 1981) , neighbour-joining (NJ) (Saitou & Nei, 1987) and maximum-parsimony (MP) (Fitch, 1971 ) methods was performed using MEGA version 6.0 software (Tamura et al., 2013) . A ML tree was reconstructed using the two-parameter calculation model (Kimura, 1980) with gamma distribution with invariant sites (G+I) and the nearest-neighbour-interchange (NNI) heuristic search method and partial deletion options. A NJ tree was reconstructed using the Kimura two-parameter model (Kimura, 1980) with the gamma distributed (G) and pairwise deletion options. A MP tree was reconstructed using the Tree-Bisection-Reconnection (TBR) heuristic search method with the number of initial trees (random addition) as 10 and partial deletion options. The tree topology was evaluated based on bootstrap analysis of 1000 replications (Felsenstein, 1985 T grouped with members of the genus Domibacillus, which indicated that strain XD80
T belongs to the genus Domibacillus.
To analyse the physiological and biochemical characteristics of strain XD80 T , growth was tested at pH 4.0-11.0 (1.0 pH intervals) at 28 C in TSB with the appropriate buffer solutions (pH 3.0-7.0, 0.1 M citric acid/0.2 M Na 2 HPO 4 ; pH 8.0-9.0, 0.2 M Tris/0.2 M HCl; pH 10.0, 0.05 M NaHCO 3 /0.1 M NaOH; pH 11.0, 0.05 M Na 2 HPO 4 /0.1 M NaOH). Salt tolerance was assessed with 0.5-10.5 % (w/v) NaCl (at 1.0 % intervals) in TSB. Temperatures for growth were determined at 4, 10, 15, 28, 37, 42 and 50 C on TSA. All above experiments were incubated for 7 days. Catalase activity was determined by production of bubbles after addition of 3 % (v/v) H 2 O 2 to the bacteria. Oxidase activity was determined using oxidation of tetramethyl-b-phenylenediamine. Hydrolysis of gelatin, starch, casein and Tweens 40, 60 and 80 was determined as described by Cowan & Steel (1965) . Assimilation and acid production from carbohydrates were determined by means of the API ID 32 GN and API 50 CHB kits (bioM erieux). Other enzyme activities were determined with the API ZYM system (bioM erieux). All the API tests were carried out in duplicate or triplicate. Utilization of sole carbon and nitrogen source was determined with traditional methods (Dong & Cai 2001) . The results of API ZYM test strips were observed after incubation at 28 C for 6 h, and the other API test systems were examined after incubation at 28 C for 2 days.
Growth was observed at pH and temperature ranges from pH 6.0 to 10.0 (optimum pH 7.0-7.5) and 15 C to 42 C (optimum 28 C). The strain tolerated up to 6.5 % NaCl (optimum 2.5 %, w/v) in TSB medium. Strain XD80 T showed a positive reaction for catalase, but was negative for amylase, oxidase and gelatinase. It hydrolysed Tweens 60 and 80, but not Tween 40 or casein. Differences between strain XD80
T and the other strains of the genus Domibacillus are shown in Table 1 . Only strain XD80
T showed a positive reaction for acid production from inositol and a positive reaction for production of valine arylamidase. Characteristics are given in the species description.
Polar lipids of strain XD80
T were examined by twodimensional TLC (Collins & Jones, 1980 quinones were examined by HPLC (Kroppenstedt, 1982) . The cell-wall peptidoglycan and whole-cell sugars was analysed using the method described by Schumann (2011) . Whole-cell fatty acid compositions of all strains were analysed using the Sherlock Microbial Identification System (version 4.5; database TSBA40 4.10; MIDI) (Kroppenstedt, 1985; Sasser, 1990) . All strains were cultivated and then analysed under the same conditions. The genomic DNA G+C content was determined as described by Tamaoka & Komagata (1984) T . C, central; S, subterminal; T, terminal; C-P, central to/or paracentral; C-S, central to/or subterminal; s, sporangia swollen; S, spherical; E, ellipsoidal; S-E, spherical to/or ellipsoidal. DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; APL, aminophospholipid; PE, phosphatidylethanolamine; PIM, phosphatidylinositol mannoside; PL, unidentified phospholipid; PGL, phenolic glycolipid; L, unidentified lipid. +, positive; À, negative or very weakly positive; ND, not done. Glycerin Sun et al. (2015) . †Data from Seiler et al. (2013) . ‡Data from Gyeong et al. (2015) . §Data from Sonalkar et al. (2014) . ||Data from Sharma et al. (2014) .
analysis was carried out in duplicate. Cell biomass of strains for chemotaxonomic analysis was collected after 36 h of incubation (mid-exponential phase) in TSB at 28 C with shaking at 150 r.p.m. under aerobic conditions. The major polar lipids of strain XD80
T were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), aminophospholipid (APL), two unknown phospholipids (PL1, PL2) and another two minor phospholipids (PL3, PL4) (Fig. S6) . From previous studies, all strains of the genus Domibacillus were known to contain DPG and PG, but only strain XD80 T contained APL as a unique polar lipid. MK-6 (86.4 %) was the major menaquinone and MK-7 (13.6 %) was present in a minor quantity, which was similar to other species of the genus Domibacillus. The major fatty acids (>5 %) of strain XD80
T were iso-C 15 : 0 (37.3 %), anteiso-C 15 : 0 (10.8 %), C 16 : 0 (10.4 %), iso-C 17 : 0 (10.3 %), C 16 : 1 !11c (9.6 %) and anteiso-C 17 : 0 (7.4 %) ( Table 2 ). Comparison of all species of the genus Domibacillus showed that the predominant fatty acids were similar but differed in proportion, and iso-C 15 : 0 represented the largest amount of fatty acid in strain XD80 T and D. iocasae CCTCC AB 2015183
T . The cell-wall contained meso-diaminopimelic acid and the peptidoglycan was of A1g type, and ribose and glucose were the major wholecell sugars, which are features of the genus Domibacillus. The DNA G+C content was 46.4 mol%, which was close to that of the most closely related species (Table 1) enclensis CCTCC AB 2011121 T were 37.4 %, 53.8 %, 53.6 %, and 52.7 %, respectively, which were less than the threshold value (70 %) recommended for species delineation (Logan et al., 2009) .
Strain XD80
T and the members of the genus Domibacillus share many similar features, such as aerobic growth, rod-shaped cells, low DNA G+C content, an A1g type of peptidoglycan with meso-diaminopimalic acid, glucose as the dominant cell-wall sugar, and MK-6 as the major respiratory quinone. All these features support that strain XD80 T belongs to the genus Domibacillus. However, strain XD80 T differs from closely related strains by DNA-DNA relatedness, acid production from inositol and raffinose, production of valine arylamidase (Table 1) , and different contents of fatty acids (Table 2 ). Based on the above analysis, we suggest that strain XD80
T represents a novel species of the genus Domibacillus, for which the name Domibacillus antri sp. nov. is proposed. Colonies (2-3 mm in diameter) are translucent, wrinkled, swelled and round after incubation at 28 C for 4 days on TSA plates. Cells are encapsulated, flagellated, Gram-reaction-positive, aerobic, motile, rod-shaped, 0.5-0.6 µm in diameter and 1.5-2.2 µm in length. Growth occurs at 15-42 C (optimum 28 C) and pH 6.0-10.0 (optimum 7.0-7.5). Tolerates up to 6.5 % NaCl (optimum 2.5 %, w/v). Grows well in TSB and shows positive reactions for catalase, but negative reactions for amylase, oxidase and gelatinase. Hydrolyses Tween 60 and 80, but not for Tween 40 and casein. According to the API 50 CHB test, positive for acid production from glycerin, glucose, fructose, inositol, mannitol, aesculin, maltose, sucrose and trehalose. Positive for utilization of inositol, sucrose, acetate, lactate, L-alanine, glycogen, 3-hydroxybenzoate, mannitol, D-glucose, salicin, propionate and 4-hydroxybenzoate as the sole carbon source in API ID 32 GN tests; other substrates are not oxidized or are very weakly oxidized. In the API ZYM system, positive for alkaline phosphatase, esterase (C 4 ), esterase lipase (C 8 ), leucine arylamidase, valine arylamidase, chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase. MK-6 is the predominant respiratory quinone. The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol, aminophospholipid and two unknown phospholipids. The cell-wall contains meso-diaminopimelic acid, and the peptidoglycan is A1g type. Ribose and glucose are the major whole-cell sugars. The major fatty acids (>5 %) are iso-C 15 : 0 , anteiso-C 15 : 0 , C 16 : 0 , iso-C 17 : 0 , C 16 : 1 !11c and anteiso-C 17 : 0.
The type strain, XD80
T (=CCTCC AB 2015053 T =KCTC 33636 T ) was isolated from soil at a 300 m distance from Tenglongdong gate in Lichuan, Hubei province, China. The genomic DNA G+C content of the type strain is 46.4 mol%.
